In a matched case-control study of the association between coxsackieviruses and cardiac impairment, 24 human immunodeficiency virus (HIV) type 1-infected children with cardiac impairment were compared with 24 HIV-1-infected control subjects. Serologic evidence of coxsackievirus infection was present in all children, with no significant difference in geometric mean antibody titers between case patients and control subjects. Conditional logistic regression to test for an association between coxsackievirus antibody titer and the presence or absence of cardiac impairment, by any indicator, showed an odds ratio of 1.11 (95% confidence interval, 0.58-2.10; P = .75), indicating no association between coxsackievirus infection and cardiac impairment. Coxsackievirus antibody titers correlated positively with total IgG levels in nonrapid progressors but not in rapid progressors. Paired serum samples taken before and after diagnosis of cardiac impairment in 5 patients showed no evidence of intervening coxsackievirus infection. These results do not identify a causal role for coxsackieviruses for cardiomyopathy in HIV-1infected children.
Coxsackievirus group B infects 10 million US citizens annually, with most infections occurring among children <5 years old. Coxsackievirus serotypes B2, B3, and B4 are endemic in the United States, whereas serotypes B1 and B5 occur in epidemic patterns [1] . Although only 10% of enterovirus infections result in clinical illness, at least 5% of patients may experience cardiac infection, and an unknown proportion will develop myocarditis. The prevalence of myocarditis in the general population at autopsy is 1%-4% [2] . Coxsackieviruses are present in 40%-50% of hearts with myocarditis or dilated cardiomyopathy, with coxsackievirus B3 being the most common [3] . A higher proportion of patients with chronic myocarditis or dilated cardiomyopathy than patients with heart diseases of other infectious etiologies have antibodies to coxsackievirus B [2, 3] .
Cardiac impairment with dysrhythmias and hemodynamic abnormalities occurs frequently in children with human immunodeficiency virus (HIV) type 1 infection [4] [5] [6] . Children infected with HIV-1 provide a better opportunity to identify a causal role of coxsackieviruses with HIV-1-associated cardiomyopathy than do adults, since there may be fewer confounding factors affecting cardiac function in children. A matched case-control study was done among 24 HIV-1-infected children with cardiac impairment and 24 HIV-1infected control subjects without cardiac impairment, to identify differences in coxsackieviruses infection rates and associated immune response as possible risk factors for cardiac impairment.
Patients, Materials, and Methods

Patients and serum
Children born to HIV-1-infected mothers enrolled in the Pediatric Pulmonary and Cardiovascular Complications of HIV-1 Infection Study (P 2 C 2 Study) from May 1990 through January 1994 were followed prospectively through January 1997 to identify HIV-1 infection and cardiac impairment, as determined by serial echocardiography [7] . All children in the P 2 C 2 Study with documented HIV-1 infection and with sufficient serum samples were included as case patients if they had clinical evidence of cardiac impairment, as indicated by congestive heart failure (1 patient); use of cardiac medications, most commonly digoxin and furosemide and, less frequently, spirolactone, enalapril, and captopril (7 patients); low fractional shortening (≤25% after 6 months of age; 9 patients); congestive heart failure and use of cardiac medications (3 patients); low fractional shortening and use of medications (2 patients); or all 3 indicators of clinical evidence of congestive heart failure, use of cardiac medications, and low fractional shortening (2 patients) [6] . HIV-1-infected children were further classified as rapid progressors if they were diagnosed with an AIDS-defining condition (other than lymphocytic interstitial pneumonitis) or with severe immunosuppression (CD4 cell count <750 cells/mm 3 or <15% of total lymphocytes) in the first year of life [7] .
In total, 24 HIV-1-infected children with cardiac impairment were identified, including 5 children with serum samples obtained before and after diagnosis of cardiac impairment. Serum samples from case patients were obtained within 4 months (median, 37 days; interquartile range [IQR], 1-59 days) after diagnosis of cardiac impairment. An additional 24 HIV-1-infected children without clinical or laboratory evidence of cardiac impairment served as control subjects and were matched with case patients on the basis of the date of available serum samples. This system was used to minimize the possible effect of unrecognized coxsackievirus outbreaks. Control serum samples were obtained within 45 days of the date of diagnosis of cardiac impairment of the matching case patient.
Coxsackieviruses
The coxsackievirus group B serotype strains used were CVB1 (Conn-5), CVB2 (S.R.), CVB3 (Nancy), CVB4 (Edwards), and CVB5 (Faulkner), as described elsewhere [8] . All strains were propagated and plaque-assayed in HeLa cell cultures. Viruses were purified by a standard procedure that included a final step of banding in cesium chloride [9] .
Antibody assay
A standard alkaline phosphatase EIA was used, as described elsewhere [10] . Each well was coated with 0.1 mL of purified virus solution in Dulbecco's PBS containing 100 ng of virus/mL (1.1× 10 9 pfu ≅ 1 μg of virus). Serum samples were tested at serial 2-fold dilutions until nonreactive or positive at 1:51200. Monkey anti-coxsackievirus serotype reference antisera prepared against CVB1 (Conn-5), CVB2 (Ohio-1), CVB3 (Nancy), CVB4 (JVB), and CVB5 (Faulkner) were obtained from the National Institutes of Health Research Reference Reagent serum bank and were used as positive control serum samples in each EIA performed with each particular purified virus. All dilutions of anti-CVB5 antiserum cross-reacted to the same extent with all 5 purified preparations of coxsackievirus B serotypes. Antibody titers were determined separately against each of the 5 coxsackievirus serotypes. Because of the heterotypic antibody response to coxsackieviruses, the geometric mean titer (GMT) of these 5 serotypes was used to represent a composite coxsackievirus antibody titer for logistic regression.
Western blot
To confirm the specificity of the antibody assay, a representative Western blot was performed, using standard methods, with 2 μg of coxsackievirus B3 antigen and incubated with control and test serum samples with coxsackievirus B3 EIA antibody titers of 1:200-1:51200. In brief, the virus preparation was lysed for 20 min on ice in radioimmunoprecipitation assay lysis buffer, and proteins were separated on a 15% polyacrylamide gel with a 4% stacking gel, blocked in 0.2% I-block in 0.1% Tween in PBS, incubated overnight with serum diluted 1:50, and detected by incubation with 1:30,000 antihuman IgG alkaline phosphatase in blocking solution.
Statistical analyses
The Wilcoxon matched-pairs signed-rank test was used to compare differences between case patients and control subjects for age and coxsackievirus GMTs. The relationship between cardiac impairment and GMTs was assessed by use of stratified conditional logistic regression analysis, which accounted for the matched nature of the data. The Spearman's rank correlation coefficient (r) was calculated to determine the association between GMTs and total IgG.
Results
The median age of the 24 case patients was 45 months at diagnosis of cardiac impairment and 46 months at the time of serum sampling. The median age of the 24 control subjects was 59 months at the time of serum sampling. The median difference in age between case patients and their respective matched control subjects at the time of serum sampling was 7.1 months (IQR, −24.5 to 20.9 months; P = .87, Wilcoxon matched-pairs signed-rank test). The case patients included 7 boys (29%) and 17 girls (71%); the control subjects included 10 boys (42%) and 14 girls (58%) (P = .37). Of the case patients, 4 (17%) were white, 9 (38%) were black, 10 (42%) were Hispanic, and 1 (4%) was of another ethnic group. Of the control subjects, 4 (17%) were white, 16 (67%) were black, 2 (8%) were Hispanic, and 2 (8%) were of other ethnic groups (P = .04). Nine (37.5%) of the 24 case patients and 7 (29.2%) of the 24 control subjects were rapid progressors. During the 6-year period of this study, 9 (38%) case patients and 6 (25%) control subjects died (P = .35).
All children had demonstrable antibodies to coxsackieviruses, and the mode of the antibody titer was 800 for each of the 5 coxsackievirus serotypes tested. The titer of antibody to CVB3 measured by EIA was closely correlated to the signal intensity of virus-specific bands on Western blot, demonstrating the apparent specificity of the EIA test (figure 1). The median coxsackievirus GMT was 988 for case patients (IQR, 606-4536) and 1056 for control subjects (IQR, 651-1838). Paired analysis showed a median GMT difference between case patients and control subjects of 209 (IQR, −2225 to 824; P = .96, Wilcoxon matched-pairs signed-rank test), with higher titers among control subjects. Antibody titers were not statistically different between girls and boys (P = .09), but the titers tended to be higher in girls. This trend was consistent for both case patients (median titer, 696 for boys and 1056 for girls) and control subjects (median titer, 919 for boys and 1303 for girls).
High titers were observed in control subjects and all subgroups of children with cardiac impairment, whether indicated by congestive heart failure (median titer, 919; n = 1), cardiac medications (median titer, 1056; IQR, 528-4850; n = 7), fractional shortening of ≤25% (median titer, 1056; IQR, 606-4222; n = 9), congestive heart failure and cardiac medications (median titer, 919; n = 3), low fractional shortening and medications (median titer, 2728; n = 2), or all 3 indicators of clinical evidence of congestive heart failure, use of cardiac medications, and low fractional shortening (median titer, 5199; n = 2). A conditional logistic regression model for matched data to test for an association between coxsackievirus antibody titer and the presence or absence of cardiac impairment, by any indicator, showed an odds ratio of 1.11 (95% confidence interval, 0.58-2.10; P = .75), suggesting no association between coxsackievirus antibody titer and cardiac impairment ( figure 2A ).
Eighteen of 24 case patients and 19 of 24 control subjects had no history of intravenous immune globulin administration. For these children, there was a statistically significant correlation between the GMT of coxsackievirus antibodies and total IgG (r = 0.45; P = .005; n = 37) (figure 2B). The relationship was statistically significant for case patients (ρ =0.55; P = .02; n = 18) but not for all control subjects (ρ = 0.29; P = .24; n = 19). However, the correlation among control subjects was similar to that among case patients if the 1 control sample with a log GMT of 11 was excluded (ρ = 0.45; P = .06). For these 37 children, there was a positive correlation between the GMT of coxsackievirus antibody titers and total IgG for the nonrapid progressors (r = 0.71; P< .001; n = 24), but there was no correlation for the rapid progressors (r = −0.03; P = .92; n= 13). Of these 37 childern, 4 of 18 patients and 4 of 19 control subjects died.
Paired serum samples obtained before and after diagnosis of cardiac impairment were available for 5 HIV-infected children. The coxsackievirus GMTs for these 5 paired serum samples were 800 and 919, 1056 and 2111, 528 and 459, 29407 and 12800, and 1213 and 528. The median coxsackievirus GMT of the prediagnosis serum samples was 1056, and the median coxsackievirus GMT of the postdiagnosis serum samples was 919, with a median decrease of 69 (P = .82). The median coxsackie-virus GMT of the 5 matched control subjects was 2425.
Discussion
These results indicate that coxsackievirus infections are very common among young HIV-1infected children in the United States. The results of this case-controlled matched study of coxsackievirus antibodies among 24 HIV-1-infected children with cardiac impairment and 24 HIV-1-infected children without cardiac impairment showed no difference in seroprevalence or composite GMT to coxsackieviruses B1-B5. There was no evidence of an inability of HIV-1-infected children to make coxsackievirus-specific antibody, which is similar to findings for other viral infections in HIV-1-infected children [11] .
It is of considerable interest that nonrapid progressors maintained concordance between serum coxsackievirus antibody GMTs and total IgG levels, extending a previous report that identified the serum IgG level as a survival factor [12] . Maintenance of specific antibody levels, such as coxsackievirus antibody, implies sufficient specific T cell function to maintain IgG class switching in B cells of nonrapid progressors and is an important prognostic indicator for survival.
Coxsackieviruses may affect cardiac function directly or indirectly as a result of the host response. In challenge experiments in mice with a cardiovirulent coxsackievirus B3 serotype, neutralizing monoclonal antibodies provided protection if they were present prior to challenge but exacerbated myocarditis if they were added 3 days after challenge [13] . Some neutralizing monoclonal antibodies to coxsackievirus B3 recognize epitopes on human cardiac myosin, bind to normal mouse cardiac fibroblasts, and promote complementmediated lysis or induce cardiopatho-logic alterations in heart tissues of normal mice [14] . Molecular mimicry between epitopes on CVB3 virions and several molecules from normal cells has been established [15] .
Most coxsackievirus infections are asymptomatic but result in an immune response with production of both homotypic and heterotypic antibodies, the latter presumably due to an anamnestic response resulting from previous infection with a different coxsackievirus B serotype [13] . Heterotypic coxsackievirus B antibodies are not neutralizing and recognize a coxsackievirus B group-reactive epitope(s) on the largest surface capsid poly-peptide, VP1 [13] . Although homotypic neutralizing IgM or IgG are found in serum samples of individuals infected with a single serotype, heterotypic antibodies (even IgM) are detected in many serum samples by EIA [13, 15] . Heterotypic antibody responses to coxsackievirus infections are common in humans, as demonstrated by use of an antigen-capture RIA with purified virus particles [13] .
Induction of heterotypic antibodies complicates the serologic diagnosis of coxsackievirus infections; the EIA antibody assay using coxsackievirus B3 also detects some cross-reacting antibodies to other coxsackievirus B serotypes, primarily coxsackie-virus serotypes B2 and B4. Because the EIA used in this study also detected heterotypic antibodies, the EIA antibody titers for coxsackievirus B serotypes 1-5 for each patient were combined to derive a composite GMT representing the total coxsackievirus antibody titer. No correlation was found between this composite EIA antibody titer and the presence or absence of cardiac impairment, implying that coxsackievirus infection was not etiologically associated with either a better or worse cardiac outcome in these HIV-infected children. Nevertheless, the ubiquitous nature of coxsackievirus B infection may provide the background that permits involvement of other factors or modulation by the immune system that ultimately leads to cardiac impairment. Western blot confirmation of EIA detection and titration of coxsackievirus B3 antibodies. Random serum samples with EIA coxsackievirus B3 antibody titers ranging from 1:200 to 1:51,200 were tested by Western blot, using the purified coxsackievirus B3 preparation that was used for EIA. Positive (+) and negative (−) control serum samples are shown in the 2 left lanes; an additional control (buffer) is shown in the far right lane. The titer of antibody to coxsackie-virus B3 measured by EIA was closely correlated to the signal intensity of virus-specific bands on Western blot. A positive signal on Western blot is faintly detected with serum samples having EIA antibody titers of 1:200 and 1:400, with increasingly stronger signal intensity with serum samples having increasing EIA antibody titers. Coxsackievirus viral protein (VP) 1 is ~34 kDa, VP2 is ~30 kDa, and VP3 is ~26 kDa.
